Incidence of oral cavity squamous cell carcinomas is rising worldwide, and population characterization is important to follow for future trends. The aim of this retrospective study was to present a large cohort of primary oral cavity squamous cell carcinoma from all four health regions of Norway, with descriptive clinicopathological characteristics and five-year survival outcomes.
Results
A total of 535 patients with primary treatment-naïve oral cavity squamous cell carcinomas were identified. The median survival follow-up time was 48 months (range 0-125 months) after treatment. The median five-year overall survival was found to be 47%. Median fiveyear disease-specific survival was 52%, ranging from 80% for stage I to 33% for stage IV patients. For patients given treatment with curative intent, the overall survival was found to be 56% and disease-specific survival 62%. Median age at diagnosis was 67 years (range PLOS ONE | https://doi.org/10.1371/journal.pone.0227738 January 16, 2020 1 / 16 a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
The epidemiological and survival data for OCC are hampered with uncertainty as many studies report results from small patient cohorts, often selected from a single or a referral hospital, or a small region. Furthermore, some studies include only patients treated with curative intention, or unfortunately merge patients with cancers of various subsites of the HN region [5-7, 12, 16] .
The aim of this retrospective study was to present a large cohort of OCSCC, from all four health regions of Norway, with descriptive clinicopathological characteristics and five-year survival outcomes. All patients were diagnosed with primary treatment-naïve OCSCC in the period [2005] [2006] [2007] [2008] [2009] , and the results were evaluated against comparable cohorts.
Materials and methods

Data collection process
The Norwegian Oral Cancer (NOROC) study is a retrospective study that includes patients diagnosed with primary treatment-naïve OCSCC in the four university hospitals in Norway between January 1 st 2005 through December 31 st 2009. In Norway, management of OCC is centralized to university hospitals of Rikshospitalet (Oslo), Haukeland (Bergen), St. Olavs (Trondheim) and North Norway (Tromsø), where Rikshospitalet in Oslo (The National Hospital) also is regarded as a tertiary referral hospital. Patients were identified by searching for the relevant International Statistical Classification of Diseases and Related Health Problems 10 th Revision (ICD-10) codes in the electronic health records (EHR) of these hospitals, as well as by searching the pathology archives for cancers with topographic systematically organized computer-processable collection of medical terms providing codes (SNOMED) coding T51 and T53. The patients diagnosed during this period were classified according to TNM 5 th Edition 2005 UICC [3] .
We included patients with the relevant ICD-10 classification codes C02-C06 [38] , which refer to cancers in the buccal and labial mucosa, upper and lower gingiva and alveolar mucosa, hard palate, mobile tongue, and floor of mouth. We excluded ICD-10 codes C05.1 and C05.2 which are regarded as oropharyngeal sites, and cancer of the external upper or lower lip (vermilion), because these almost exclusively arise in the lower lip and are more likely to act as skin cancer [15] . Tumors with different histopathology than SCC were also excluded, as well as patients with HN second primaries or previous cancer treatment. Approximately 27% of the patients had been incorrectly coded; the majority of these had oropharyngeal cancer, and were excluded.
Extracting clinical data
Anonymized clinical data were recorded in a web-based Case Report Form (CRF). The last day of follow-up was June 1 st 2015 when all patients had been followed throughout a minimum of five years after end of treatment. The patient EHRs were screened from date of diagnosis until date of death, or from date of diagnosis until last day of follow-up. Recording was done by experienced clinicians (IHB, OJ, GK, EJ and Á K). Relevant patient data, ICD-10 diagnosis, TNM classification, treatment, and follow-up were registered. Since these patients were diagnosed between 2005-2009, the stage classification was done according to AJCC 6 th edition 2002 [15] .
In the TNM classification system, the term TX, NX, and MX can be used in cases where the primary tumor, regional lymph nodes, or distant metastasis cannot be assessed [3, 4, 15] . For this reason, some tumors lacked T, N, or M status. However, a T4 tumor could be staged without knowledge of the N and M status, since it automatically classifies as a stage IV tumor. This was also true with N status �N2, and M1. In this study we pooled stage IVA, IVB, and IVC into Stage IV.
The study was approved by the Institutional Review Board of Northern Norwegian Regional Committee for Medical Research Ethics (REK Nord) giving validated approval for all four hospitals (Protocol number REK Nord; 2013/1786 and 2015/1381). REK Nord waved the need for the patients still alive to have the opportunity to opt-out when they were informed about the project. The information-consent letter was approved by REK Nord before being sent out to the patients still alive. This study was planned retrospectively and approved in 2014, five to ten years after the patients had had their diagnosis and treatment. Patients were informed they could withdraw from the study without concern. The letter was sent to patients when the inclusion stage of research commenced between August 2015 and February 2017. The patient information-consent letter was sent to those still alive giving them the option to opt-out of the study. This was executed by the principal investigator, who received the list over patients still alive from one of the co-investigators who was the only one with access to the patient's identifying data. The address used was the latest address given in the EHR. No letters were returned from patients or postal services. Three patients contacted the principal investigator to confirm they were agreeing to participate, no one contacted to opt-out. Cause of death was acquired from Norwegian Cause of Death Registry.
Categorical grouping
Patients were divided into groups based on age at time of diagnosis; 51-60 years, 61-70 years, and 71-80 years. Those younger than 50 and older than 80 were few and thus pooled in a younger (�50 years) and an older (�81 years) age group. We also organized the patients according to an indicator called Integrated Risk Factor (IRF) based on extent of tobacco and alcohol consumption as previously described by Rikardsen et al. [16] .
Patients with alcohol consumption recorded as seldom in the EHRs were classified as "light drinkers" (� 1 times weekly), whereas those with consumption denoted as current, moderate, heavy, or former alcoholic abuse were classified as "drinkers" (> 1 times weekly or daily) [39, 40] . Based on information from the EHR, dental status was categorized as good (no dental treatment needed), need of dental therapy before start of treatment, or edentulous [41] . Cancer treatment described in the EHR was categorized into different groups/combinations of treatment modalities. Palliative treatment and treatment vaguely described, were pooled. Level of education was poorly described in the EHRs and could not be used to describe socioeconomic status.
Statistical analyses
The correlation between gender and different variables was evaluated using Spearman bivariate correlation (2-tailed) and bootstrapping at 95% confidence interval (CI), as shown in Tables 1-3 . For evaluating survival, Cox regression allowed us to report significance, hazard ratio (HR), and 95% CI after bootstrapping as shown in Tables 4 and 5 . Results were considered to be significant at p<0.05. For survival the variables significant in univariate analysis were analyzed for multicollinearity (VIF), applying linear regression, testing independent variables against a dependent variable. VIF values <2 were regarded to indicate no multicollinearity. The variables with limited data (few in number), were excluded from calculations because of risk of sparse-data bias [42] [43] [44] . Kaplan-Meier (Log Rank) was used to construct survival analyses plot. For survival analysis the definitions used were overall survival (OS) and diseasespecific survival (DSS); the latter was equivalent to cause-specific survival [45] . All statistical analyses were performed with IBM Statistical Package for the Social Sciences (SPSS) version 25.
Results
Our study identified 646 patients with cancer in the oral cavity, of which 111 were excluded as specified in the flowchart in Fig 1, giving a final cohort of 535 patients diagnosed with primary treatment-naïve OCSCC.
The male: female ratio was 1.2, and the median survival follow-up time from end of primary treatment till death or last day of follow-up was 48 months (range 0-125 months).
Clinicopathological characteristics
The clinicopathological characteristics are given in Table 1 . Median age at time of diagnosis for the whole cohort was 67 years (range 24-101 years) with few patients younger than 40 and older than 90 (13 and 11 cases, respectively). The median age at time of diagnosis for men was 64 years (range 25-101 years) compared to 72 years for women (range 24-96 years).
In 97% of the cases TNM staging was complete, and 93% of the cases were discussed in MDT meetings. There was no significant gender difference in either T or N status, and just slightly significant for stage.
T1 and T2 tumors constituted 53% of the cases, almost 11% were T3 tumors, and 33% were T4. According to the AJCC staging, 43% of the patients had stage I and II disease, 12% had stage III disease, and 42% had stage IV disease.
There was no significant gender difference in location of the primary tumor ( Table 1 ). The mobile tongue was the most common tumor site, accounting for almost 50% of the cases for men and 40% for women. The second most common tumor location in men was floor of mouth while gingiva and alveolar mucosa were more frequent in women. Cancers in the mobile tongue were most often T1-T2 tumors, whereas gingiva and alveolar mucosa had more T4 tumors. Tumors of the floor of mouth were most often T2 and T4. There was no correlation between age group and location (p = 0.068, CI: 0.001-0.164). Only three patients had distant metastasis at time of diagnose, and no calculations were performed on this variable.
Risk factors
Risk factors are listed in Table 2 . Smoking habits were recorded for 93% of the patients. There was a significantly lower proportion of never-smokers among male compared to female patients (14% vs. 34%), and 58% of the male patients were current smokers compared to 40% of female patients. Only two patients were recorded consuming Scandinavian snuff, but both were former smokers and recorded as such. Current smoking neither correlated with site of primary cancer (p = 0.175, CI: -0.025-0.141), nor with T status (p = 0.909, CI: -0.093-0.085) or with N status (p = 0.628, CI: -0.064-0.109).
Men consumed significantly more alcohol than women, with 11% of the men being heavy drinkers compared to less than three percent (2.5%) of the women (Heavy drinkers were included in the "drinker"-group). Alcohol consumption neither associated with site of primary cancer (p = 0.858, CI: -0.068-0.094), nor with T status (p = 0.522, CI: -0.111-0.054) or N status (p = 0.770, CI: -0.084-0.069). Of note, 35% of the EHR lacked information of alcohol consumption, and were excluded when analyzing for known risk factors.
More men than women were classified as smokers and drinkers according to the IRF classification, but the difference was not statistically significant. IRF correlated with T status (p = 0.001, CI: 0.067-0.237), but not with site of primary cancer (p = 0.265, CI: -0.035-0.125) or with N status (p = 0.856, CI: -0.060-0.081).
Half of the patients needed some form of dental therapy before treatment, whereas 40% had no need of dental treatment, of whom 20% were edentulous. The remaining 10% lacked information on dental status. There were more edentulous patients in the older than younger age groups (p<0.001, CI: 0.178-0.348). There was a significant correlation between dental status and gender, but when adjusting for age this difference was no longer present (p = 0.708, CI: -0.071-0.104). Patients with tongue cancer had significantly better dental status than patients with cancer in other oral sites (p = 0.002, CI: 0.039-0.213). In the five-year follow-up time recurrence was found in 95 (17.8%) of the patients within three years. Second primaries, defined as a new OCC more than three years after first presence of OCC, was found in 56 (10.5%) of the patients.
Treatment
This study includes patients treated with both curative and palliative intention. Cancer treatment as described in the EHR are listed in Table 3 . Palliative treatment was to some extent vaguely described and pooled.
For 69% (n = 386) of the patients the treatment was surgery, of whom 64% (n = 235) received postoperative RT as shown in Table 3 . Very few of the patients had RT prior to surgery and there was no gender difference in this stratification of treatment (p = 0.215, CI: -0.171-0.026). Primary RT with or without chemotherapy was reported for 16%, and palliative treatment was effectuated for 11% (around six percent with RT, the rest with some debulking surgery or chemotherapy, vaguely described).
There was a significant difference in use of RT between age groups (p<0.001, CI: -0.334--0.173). Women seemed to receive significantly less RT than men, but when adjusting for age there was no difference in use of RT between the genders (p = 0.381, CI: -0.049-0.124). Use of RT was significantly associated with higher T status (p = 0.008, CI: 0.027-0.207) and positive N status (p = 0.031, CI: 0.007-0.171) but not with site of tumor (p = 0.683, CI: -0.070-0.100).
Survival
Five-year overall survival (OS) was 47% for the cohort, and disease-specific survival (DSS) was 52% (225 of 435 patients). Five-year DSS was 80% for stage I, 68% for stage II, 45% for stage III, and 33% for stage IV (Fig 2) .
When excluding patients given palliative treatment, the five-year OS and DSS for patients given treatment in curative intent, increased to 56% and 62%, respectively. The five-year DSS was then 80% for stage I, 68% for stage II, 51% for stage III, and 43% for stage IV (p<0.001, HR = 1.435, CI: 0.261-0.481). Tables 4 and 5 show calculations for five-year OS and DSS for the whole cohort compared to clinicopathologic characteristics and risk factors.
Age-groups, T status, N status, stage of disease, and dental status were all significantly associated with both OS and DSS, in univariate tests at p value <0.05 level (Tables 4 and 5) . As stage is based on T status and N status, stage of disease was not included in multivariate analyses. Age-groups, T status, and N status were all independent predictors for OS in multivariate analyses (p = 0.001, HR; 1.487, CI: 0.288-0.517, p = 0.003, HR; 1.201, CI: 0.063-0.303 and p = 0.001, HR; 1.682, CI: 0.363-0.679). The same factors were independent predictors of DSS. 
Discussion
Our study is large, and includes a substantial number of well characterized patients with primary treatment-naïve OCSCC compared to other publications in this field. Many epidemiological studies present merged data for OCC and oropharyngeal cancer [1, 15, 18] . In our study around a quarter of the cases recorded as oral cavity cancers in the pathology archives and EHRs were oropharyngeal cancers and thus excluded from the study population. This suggests that there is a need to raise the awareness among both clinicians and pathologists of the importance of a correct anatomical description of the cancer site in patient medical records. Correct coding is crucial for proper cancer statistics and treatment. One should avoid using the ICD-10 diagnose C02.4 (tongue tonsils) as this can easily be misinterpreted as an oral location. Tumors arising in the root of the tongue is best coded as C01 (base of the tongue) recognized as an oropharyngeal location [38] . Separating oral cavity and oropharyngeal cancers is important as they are associated with distinct risk factors and also differ in primary treatment protocols, response to treatment, and survival rates. The five-year DSS for our cohort was approximately 52%, which is in accordance with the global report from the review in 2009 of Warnakulasuriya et al. [9] . The five-year OS in our Norwegian cohort was 47%, which is somewhat higher than reported in a Danish cohort for the period 1980-2014 (44%) [13] , but lower than in a Finnish study (61%). However, the Finnish study included only patients with OSCC of the tongue, treated with curative intent [5] . When we excluded patients given palliative treatment, the five-year OS and DSS increased to 56% and 62%, respectively. Although the OCSCC treatment in Norway is centralized to four university hospitals, some patients with small T1 tumors may have been treated at local hospitals without referral to the HN cancer centers, and would be missed from our cohort. Patients with T1 tumors have significantly better survival rates than patients with more advanced Characteristics and prognosis of oral cavity squamous cell carcinomas in Norway disease, and if some T1 tumors are missing in our cohort, this may have caused a negative shift in survival rate.
In the current study, 45% of the patients had cancer of the mobile tongue, which corresponds well to reports from previous studies [5] [6] [7] . The site and TNM classification are generally the most important prognostic factors for OCC [36] . In the present study, we found significantly higher survival for patients with low T status and stage, whereas the anatomical site of the tumor had no significant impact on survival. Number of recurrences or development of second primaries were in line with previous studies [5, 24] .
There were more T1-T2 tumors in the tongue than in other locations, which may be caused by functions of the mobile tongue giving an earlier awareness of a tumor, along with the relative ease of self-inspection compared to other intraoral locations. The proportion of T4 tumors was higher in the gingiva and alveolar mucosa than in the other locations, which may reflect the short distance from the mucosa to the bone at these sites. Tumor involving the bone is classified as a T4 tumor irrespective of tumor size.
Stage I and II OCSCCs are often curable, thus early detection and treatment is of vital importance. In Norway, a large proportion of adults have regular dental examinations, and both dentists and dental hygienists are trained to examine the oral mucosa for malignant lesions. Still, we found 44% of the tumors to be size T3 and T4 at time of diagnosis, which could indicate a rapid growth of tumor. However, patients diagnosed with large tumors were more often edentulous or in need of dental treatment at time of diagnosis, suggesting that these patients did not seek dental care as frequently as those with smaller tumors. Older patients had larger T status, perhaps also reflecting later awareness of illness. It may also suggest that pain in the oral cavity, and symptoms such as changing diet and losing weight are regarded differently in elderly patients. Globally, men have higher risk of OCC than women, and we found a male: female ratio of 1.2. This ratio is slightly lower than reported from a Danish and a US study (1.5 and 1.8 respectively) [13, 14] , and slightly higher than reported in a Finnish study with 0.9 [5] . Tobacco and alcohol consumption have become more similar for men and women over the last three decades in Nordic countries compared to when the patients in our study were young [46] . The percentage of drinkers has also decreased both in Europe and in the US by approximately 10% since 2000 [47, 48] .
Despite these changes in smoking and drinking habits, the incidence of OCC is rising. This suggests that other etiological factors are involved. For cancers arising in the oropharyngeal region, high-risk human papilloma virus (HPV) is considered to be an additional risk factor [49] [50] [51] . However, there is little scientific evidence to consider HPV as a risk factor for OCC, and the frequency of HPV positive SCC in the oral cavity is generally very low, with less than four percent in a Brazilian cohort [17] and less than 10% in a previous study from our group [16] . The use of Scandinavian snuff instead of cigarette smoking has increased tremendously over the last two decades in Norway, whereas cigarette smoking has decreased [52] . Future studies will reveal whether this influences the risk of OCC.
The choice of treatment was decided at MDT meetings for the vast majority of patients. This is according to current recommendations [35] , and was a positive finding, as these patients were treated nine to 14 years ago when MDT meetings were less established than today. Cancer in the oral cavity is normally managed by surgical removal of the primary tumor, sometimes combined with neck dissection and/or RT, while chemotherapy is seldom used [28] [29] [30] [31] [32] [33] [34] . The same standard of treatment was also found in our cohort.
There are limitations to our study. It was not possible to specify the amount of tobacco use in pack-years or drinking units as this was a retrospective study. In as many as 35% of the EHR, the information of either smoking or drinking habits or both, were missing. Calculations must be evaluated with this perspective. The patient files stated present or past occupation, but not level of education. Level of education is interesting as a measure of cancer incidence in different socioeconomic classes. For a future prospective study one may recommend a systematic and accurate registration of socioeconomic status, smoking habits and alcohol consumption, as well as treatment modalities.
The Eighth Edition of the TNM classification has been introduced since this study was initiated, and in the new TNM classification tumor depth of invasion is included in the T classification of OCC, and this will influence determination of stage as well as prognosis [4] .
Conclusion
We present a study of a large cohort of 535 primary treatment-naïve OCSCC. Five-year DSS for the whole cohort was near 52%, and included patients receiving curative as well as palliative treatment. When extracting patients given treatment with curative intent, the five-year DSS increased to 62%. There was no gender difference in survival even though men on average were eight years younger than the women at the time of diagnosis. Patients with the smaller tumors have better prognosis, and this emphasizes the importance of early detection. 
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